Introduction {#S0001}
============

As a core dimension of schizophrenia, negative symptoms are associated with poor functional outcomes and decreased quality of life for patients.[@CIT0001],[@CIT0002] However, treatment along this dimension remains an unmet need.[@CIT0003] Suitable assessments are needed to explore the psychopathology of negative symptoms as well as interventions for their treatment.

The Negative Symptom Assessment-16 (NSA-16) examines the presence, severity and range of negative symptoms in schizophrenia.[@CIT0004] The NSA-16 has strong psychometric properties in terms of interrater reliability and convergent and divergent validity,[@CIT0005] has good clinical utility in different cultures and patient settings,[@CIT0006],[@CIT0007] and has sensitivity to changes in negative symptoms over time.[@CIT0004] Changes in ratings of the NSA-16 are associated with changes in functional outcomes.[@CIT0008]

Initially, confirmatory factor analysis of 223 untreated in-patients suggested a five-factor structure: communication, emotion/affect, social involvement, motivation and retardation.[@CIT0004] However, Popp and colleagues identified a three-factor structure via confirmatory factor analyses: communication/social involvement, emotion/retardation and motivation.[@CIT0009] Recently, factor analyses of 274 Asian outpatients suggested a four-factor structure, consisting of restricted speech, poor quality of speech, affective blunting and motivation, with 12 items.[@CIT0007]

Remarkably, the NSA-16 is the only scale that includes a single item measuring the global severity of negative symptoms based on the interviewer's global impression of the patients. The item provides a comprehensive estimation of the global negative symptoms of participants that integrates the information of the interview and the interviewer's clinical experience. This item was reported to be highly associated with component factors of the NSA-16 and other negative symptom assessments.[@CIT0005],[@CIT0007]

The NSA-16 has several advantages over existing instruments that assess negative symptoms. It is an explicit instrument with well-defined items and detailed anchoring rating criteria. It is an easy-to-use instrument for which raters only need brief training to administer.[@CIT0004] The standardized semi-structured interview makes ratings from different raters and sites easier to compare. Compared to older instruments such as the Scale for Assessment of Negative Symptoms (SANS) and the Positive and Negative Syndrome Scale (PANSS), the NSA-16 has better content validity as it does not encompass symptoms from other dimensions such as the cognitive dimension.[@CIT0010] Newer instruments, such as the Brief Negative Symptom Scale (BNSS) and the Clinical Assessment Interview for Negative Symptoms (CAINS), were designed to overcome the limitations of older instruments and to assess the five agreed-upon domains of negative symptoms that arose from the Consensus Development Conference on Negative Symptoms.[@CIT0011] Most of the validation studies suggested good validity, but Kring and colleagues[@CIT0012] reported low convergent validity of the CAINS motivation/pleasure subscale. Additionally, the sensitivity to changes and utility in diverse cultures have rarely been reported. In contrast, as one of the most widely used scales, these characteristics have been confirmed in the NSA-16 by various studies.

The NSA-16 is a classical instrument with good validity and clinical utility for measuring negative symptoms in schizophrenia. However, its validity in Chinese settings remains unknown. This study aimed to introduce a Chinese version of the NSA-16 and perform validation of this version.

Patients and Methods {#S0002}
====================

Participants {#S0002-S2001}
------------

The participants of this cross-sectional study were recruited from the Peking University Sixth Hospital in Beijing (the Community Health Service Centre of the Institute of Mental Health). The inclusion criteria were a diagnosis of schizophrenia and an age of 16--60 years. The exclusion criteria were comorbidities consisting of other Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV) Axis I disorders; a history of head injury or neurological disorder; severe or unstable somatic disease; women who were pregnant or breastfeeding; and patients who had received modified electroconvulsive therapy in the previous three months. Diagnoses of schizophrenia were determined using the Structured Clinical Interview for DSM-IV (SCID-I).[@CIT0013]

A total of 172 in- and outpatients with long-standing schizophrenia were recruited. All patients completed the assessments. The participants had an average age (SD) of 30 (10) years and an average disease duration of 103 (94) months (disease duration was defined as duration since the first reported symptoms), and 55% of the subjects were male. All participants provided written informed consent (a parent or legal guardian provided written informed consent for participants under the age of 18 years). This study was conducted in accordance with the Declaration of Helsinki and was approved by the Ethics Committees of the Institute of Psychology and the Institute of Mental Health (Peking University Sixth Hospital).

Measures {#S0002-S2002}
--------

### Chinese Version of the NSA-16 {#S0002-S2002-S3001}

The NSA-16 contains 16 items rated on a six-point Likert scale (1--6 points), with higher scores reflecting greater impairment, along with a global negative symptom rating based on the interviewer's impression of patient's negative symptoms. The rating of the scale is based on a 15--30 minute semi-structured interview.[@CIT0004] We developed the Chinese version of the NSA-16 via a forward-backward translation procedure. Two psychiatrists translated the instrument into Chinese, and then another two translators retro-translated the Chinese version back into English, which was confirmed by the primary author of the NSA-16. The final Chinese version was integrated and approved by a team of clinicians and scientific methodologists.

### Scale for Assessment of Negative Symptoms (SANS) {#S0002-S2002-S3002}

The SANS is a classical instrument that assesses negative symptoms of schizophrenia. The scale contains 25 items rated on a six-point Linkert scale (0--5 points), where higher scores reflect greater impairment. The Chinese version of the SANS has been validated.[@CIT0014] We used the Chinese version of the SANS to assess the convergent validity of the NSA-16.

### Positive and Negative Syndrome Scale (PANSS) {#S0002-S2002-S3003}

The PANSS is a comprehensive scale that assesses the severity of schizophrenia psychopathology.[@CIT0015] The Chinese version of the PANSS contains 30 items rated on a seven-point Likert scale and is comprised of three subscales: positive, negative and general psychopathology factors. Good reliability and validity were reported by Chinese researchers.[@CIT0016] The PANSS total and negative factor scores were used to assess the convergent validity of the NSA-16, while the PANSS positive and general psychopathology factor scores were used to assess the divergent validity of the NSA-16.

### Calgary Depression Scale for Schizophrenia (CDSS) {#S0002-S2002-S3004}

The CDSS was designed to assess depressive symptoms of schizophrenia.[@CIT0017] It contains nine items rated on a four-point Linkert scale. The validated Chinese version of the CDSS was adopted.[@CIT0018]

### Rating Scale for Extrapyramidal Side Effects (RSESE) {#S0002-S2002-S3005}

The RSESE was used to assess extrapyramidal side effects of pharmacotherapy.[@CIT0019] The Chinese version of the RSESE contains 10 items rated on a five-point Linkert scale (0--4 points) and has acceptable validation.[@CIT0020] The CDSS and RSESE were used to assess the divergent validity of the NSA-16.

Three research clinicians were raters for this study. The three raters all had at least three years of experience in conducting patient symptom interviews on individuals with schizophrenia. They attended a training session on the NSA-16 and other instruments, and good intraclass correlation coefficients (ICCs) were obtained for the ratings on scales used in this study.

### Data Analyses {#S0002-S2002-S3006}

Data were analyzed with SPSS 17.0 and AMOS 22.0. We used confirmatory factor analysis (CFA) to evaluate whether the five-factor structure of the original NSA-16[@CIT0004] could fit our version of the assessment. The goodness of fit of the CFA was evaluated using the comparative fit index (CFI, \>0.90), the root-mean-square error of approximation (RMSEA, \<0.80) and the ratio of the chi-square statistic to the degrees of freedom (a ratio between one and three is acceptable).[@CIT0021] The fit indices on CFA were not acceptable. Hence, we randomly split the sample into two datasets to explore the scale structure. We used the Kaiser criterion (eigenvector \>1) to explore the number of factors to extract, followed by exploratory factor analysis (EFA) using principal axis extraction with VARIMAX rotation on the first half of the sample (n=86). Only items loaded greater than 0.40 were included, and items with cross-loading with loadings greater than 0.40 on two factors or more were excluded. Then, we conducted CFA on the remaining half of the sample (n=86) to confirm the replication of the model suggested by the EFA. We reran the models according to modification indices that could improve model fit.

Internal consistency was appraised by computing the Cronbach's α coefficient. ICCs were computed for a subsample (N=18) for which the NSA-16 ratings were conducted by three raters to determine interrater reliability. Test--retest reliability coefficients were computed for a subsample (N=28) for which the NSA-16 was administered twice with an interval of 2--4 weeks. Correlations between the NSA-16 and other instruments were assessed using Spearman correlation coefficient because the distribution of the scores on most of the instruments was skewed.

Results {#S0003}
=======

The demographic characteristics of participants and the distribution of rating scores for the main instruments are presented in [Table 1](#T0001){ref-type="table"}. Ratings on the NSA-16 and the PANSS seemed to be low to moderate.Table 1Demographic and Clinical Characteristics of the Sample (n=172)CharacteristicsSex, n (%) Male95 (55) Female77 (45)Mean age, years (SD)30 (10)Mean (SD) years of Education13 (3)Occupation, n (%) Employed/Students78 (46%) Unemployed94 (54%)Mean course of disease, months (SD)103 (94)Medication, n (%) Typical antipsychotics1 (0.6%) Atypical antipsychotics130 (75.6%) Both16 (9.3%) None3 (1.7%) Unknown22 (12.8%)Median(min, max) of NSA-16 ratings38.5 (16, 80)Median (min, max) of SANS ratings28.0 (0, 9)Median (min, max) of PANSS total ratings54.0 (30, 139) Positive subscale11.5 (7, 38) Negative subscale15.0 (7, 35) General subscale25.0 (16, 73)Median (min, max) of CDSS ratings0 (0, 19)Median (min, max) of RSESE ratings10.0 (10, 19)[^1]

Construct Validity {#S0003-S2001}
------------------

The fit indices of the five-factor structure were not acceptable: CFI=0.892, RMSEA=0.107, and the ratio of the chi-square statistic to the degrees of freedom=1.974. The EFA of the first half of the sample suggested a three-factor solution: the Kaiser-Meyer-Olkin value was 0.87, Bartlett's Test of Sphericity showed statistical significance (p\<0.001), and the model explained 64.44% of the variance in total. The factor loadings for the three-factor solution are presented in [Table 2](#T0002){ref-type="table"}. We excluded item 6 because it had variable loadings (the factor loadings on expression and motivation were both \>0.4). The result of CFA for the remaining half of the sample is shown in [Figure 1](#F0001){ref-type="fig"}. CFA revealed that the three-factor structure with 15 items fit well with our sample: CFI=0.948, RMSEA=0.074, and the ratio of the chi-square statistic to degrees of freedom=1.468. This version of the NSA with 15 items was termed the NSA-15, and the three factors were termed as communication, emotion and motivation.Table 2Factor Loadings of Exploratory Factor Analysis of the NSA-16 (n=86)ItemsMotivationExpressionEmotion1. Prolonged time to respond0.137**0.536**0.3902. Restricted speech quantity0.358**0.73**0.1623. Impoverished speech content0.266**0.686**0.1724. Inarticulate speech−0.189**0.677**0.1285. Emotion: Reduced range0.2510.223**0.802**6. Affect: Reduced modulation of intensity**0.5020.468**0.3717. Affect: Reduced display on demand0.3060.290**0.637**8. Reduced social drive**0.810**0.0980.2969. Poor rapport with interviewer0.340**0.546**0.29310. Sexual interest**0.557**0.1150.29211. Poor grooming and hygiene**0.528**0.346−0.34712. Reduced sense of purpose**0.726**0.2270.29113. Reduced interests**0.876**0.0870.09714. Reduced daily activity**0.757**0.3260.05115. Reduced experience gestures0.342**0.636**0.14316. Slowed movements0.309**0.576**−0.005% variance explained47.6468.9027.893[^2] Figure 1Confirmatory factor analysis of the 15-item negative symptom assessment (n=86).**Notes:** Circles denote latent factors. Boxes represent observed variables. Unidirectional arrows represent regressions and curved, double-headed arrows represent covariations.

Convergent and Divergent Validity {#S0003-S2002}
---------------------------------

Correlations between the NSA-15 and other clinical ratings are exhibited in [Table 3](#T0003){ref-type="table"}. The NSA-15 total scores were highly correlated with the SANS total and PANSS negative scores (r\>0.5, p\<0.001) and were weakly correlated with the PANSS positive scores and general psychopathology scores and the RSESE (r\<0.5, p\<0.001). Correlations between the NSA-15 and the CDSS did not reach statistical significance. Correlations between the NSA-15 global negative symptom rating and other instruments were similar to those for the NSA-15 total score.Table 3Convergent and Divergent Validity of the NSA-15: Spearman Correlations (n=172)NSA-15 TotalFactor1 ExpressionFactor2 EmotionFactor3 MotivationGlobal RatingNSA global rating0.849\*\*\*0.744\*\*\*0.674\*\*\*0.797\*\*\*SANS total0.885\*\*\*0.819\*\*\* Alogia0.789\*\*\*0.495\*\*\*0.583\*\*\*0.662\*\*\* Affective blunting0.751\*\*\*0.604\*\*\*0.602\*\*\*0.726\*\*\* Avolition0.627\*\*\*0.358\*\*\*0.666\*\*\*0.675\*\*\* Asociality0.540\*\*\*0.526\*\*\*0.778\*\*\*0.714\*\*\*PANSS total0.633\*\*\*0.610\*\*\* Positive0.229\*\*0.247\*\* Negative0.821\*\*\*0.764\*\*\* General psychopathology0.445\*\*\*0.425\*\*\*CDSS−0.0390.094RSESE0.272 \*\*\*0.228\*\*[^3]

The NSA-15 expression factor was most strongly associated with the SANS alogia factor, and the emotion factor was strongly associated with the SANS affective blunting factor but weakly associated with the SANS avolition factor. The motivation factor was strongly associated with the SANS asociality and avolition factors.

Internal Consistency and Test--Retest and Interrater Reliability {#S0003-S2003}
----------------------------------------------------------------

Cronbach's α for the NSA-15 was 0.918 for the total score, 0.878 for communication, 0.700 for emotion, and 0.845 for motivation. The intraclass correlations were 0.959 for the total scale, 0.893 for communication, 0.893 for emotion, and 0.958 for motivation. Test--retest reliability was 0.917 for the total scale, 0.782 for communication, 0.822 for emotion and 0.932 for motivation.

Discussion {#S0004}
==========

This study aimed to develop a Chinese version of the NSA-16 and provide valid evidence for its use in Chinese settings. Our results suggested that the Chinese version of NSA-16 had good construct, convergent and divergent validity, as well as good reliability.

Regarding the factor structure of the Chinese version of the NSA-16, factor analyses suggested a three-factor model, consisting of communication, emotion and motivation, with 15 items. This three-factor model was different from the five-factor model suggested by Axelrod et al[@CIT0004] and the four-factor model suggested by Rekhi et al.[@CIT0007] It has been suggested that variant analytic methods and sample differences might contribute to variability in factor structure exploration.[@CIT0022] The analytic methods that we used were similar to the validation studies of the original NSA-16 mentioned above (CFA and EFA). With respect to sample differences, the samples of this and previously mentioned two studies had different characteristics with regard to ethnicity, disease duration, medication and whether the participants were in- or outpatients. There is some evidence supporting that these characteristics are associated with the structure of negative symptoms. A follow-up study examined the structure of negative symptoms in first-episode schizophrenia with the SANS and found that the structure of negative symptoms was associated with the disease duration and could change as the disease progressed.[@CIT0023] A study examined the structure of the CAINS with CFA in Asian settings and established a two-factor model,[@CIT0024] while another study conducted CFA on a Western sample and suggested a five-factor model.[@CIT0025] These findings imply that the structure of negative symptoms may be heterogeneous in samples with various characteristics. Future studies aimed to evaluate the structure of negative symptoms in specific subgroups are needed.

The communication factor was composed of items assessing a prolonged response interval, poor speech quantity, content and prosody, reduced gestures, slowed movement and poor rapport. Ratings of these items are dependent on participants' explicit performance, and impairment of response interval, speech quantity and quality and body language could lead to poor rapport with the interviewer. These may explain why these seven items were loaded onto the same factor.

The emotion factor consisted of items measuring reduced emotional range and impairment of affect display. This factor is similar to the emotion/affect factor suggested by Axelrod and colleagues[@CIT0004] except that item 6 (Affect: Reduced modulation of intensity) was excluded due to double loading. The two items respectively measure two important aspects of affect: appraisal and expression; therefore, they loaded on a single factor.

The motivation factor contained items assessing social drive, intimacy interest, reduced purpose and interest, poor appearance and activity. The items that were loaded on this factor are similar to those in the factor model reported by Popp and colleagues.[@CIT0009] These six items assess participants' motivation in three aspects: social, interpersonal and functional aspects.

Regarding convergent validity, relatively higher correlations were observed between the NSA-15 and similar instruments, indicating that the NSA-15 is consistent with other similar instruments. Divergent validity was demonstrated by lower correlations with dissimilar instruments, indicating that the NSA-15 has little overlap with positive symptoms, depression and medication side effects. Our results of convergent and divergent validity are similar to those of a previous validation study of the NSA-16.[@CIT0005]

Our results also suggested good internal consistency of the NSA-15 with high α values of total scores and subscale scores, similar to the original validation study of the NSA-16,[@CIT0004] indicating that the 15 items are strongly related to each other without redundancy. Good test--retest reliability was demonstrated for the NSA-15, indicating that the assessment of the NSA-15 is stable over a period of 2--4 weeks and that good replicability across assessments can be obtained. Regarding interrater reliability, high ICCs among three raters were demonstrated in our study, indicating good rater agreement for the scale. Remarkably, our results for test--retest and interrater reliability of the NSA-15 were comparable or greater than those of similar instruments such as the BNSS and the CAINS,[@CIT0012],[@CIT0024],[@CIT0026] indicating that the NSA-15 may be a more reliable instrument for the Chinese population. Further studies should compare the validation of the NSA-15, BNSS and CAINS in a single sample.

Notably, we found that the global negative symptom rating item was highly associated with the NSA-15 total score and the three factors. Additionally, this item was moderately-highly associated with similar instruments and independent of irrelevant instruments, similar to the NSA-15 total score. Similar results were reported by previous studies.[@CIT0005],[@CIT0007] High consistency between the NSA global rating and the total scale suggested that this item is predictive of the severity of negative symptoms measured by the NSA-15. As previously mentioned, the NSA global rating combines objective sources from the interview with the interviewer's subjective experience. This may provide evidence for the validity of integrating objective information with clinicians' experience when developing new assessment tools for negative symptoms.

There are several limitations to the present study. The sample size of this study was not large compared to that of other similar studies.[@CIT0005],[@CIT0007] The ratings of our sample on the NSA and PANSS were low to moderate; therefore, the generalizability of our findings could be limited by the severity of illness in the sample. Another limitation of this study was that we did not address some important psychometric characteristics of the NSA-15, such as the ability to detect changes in negative symptoms in a clinical trial.[@CIT0001],[@CIT0027] In addition, all rating scales for each participant were completed by the same rater in our study, which may lead to bias by shared rater variance. Future studies with better methodological designs that concentrate on relationships between the NSA-16 and other important characteristics are needed.

Conclusion {#S0005}
==========

In conclusion, the Chinese version of the NSA-15 shows satisfying psychometric properties in evaluating negative symptoms associated with schizophrenia in Chinese patients. The NSA-15 is best characterized by a three-factor model consisting of communication, emotion and motivation.
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